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Outpatient Antibiotics

Shapiro DJ, et al. J Antimicrob Chemother 2014.
Suda KJ, et al. J Antimicrob Chemother 2013.
Hicks LA, et al. Clin Infect Dis 2015.

266
Courses of antibiotics 

prescribed per year in US

million

889
prescriptions per 1000 children

789
prescriptions per 1000 adults



Outpatient Antibiotics

50% Of all antibiotics in ambulatory 
patients are inappropriate

41% Of all antibiotics are prescribed 
for respiratory infections

Shapiro DJ, et al. J Antimicrob Chemother 2014.
Suda KJ, et al. J Antimicrob Chemother 2013.
Hicks LA, et al. Clin Infect Dis 2015.

71%
of all bronchitis visits 

80%
of all sinusitis visits 



Hicks, New Engl J Med, 2013.

Prescriptions per 1000 person-years



Outpatient Antibiotic Use

Hicks LA, et al. Clin Infect Dis 2015.



CDC Core Elements

https://www.cdc.gov/antibiotic-use/community/improving-prescribing/core-elements/core-outpatient-stewardship.html 

✓

. . .
. .

Commitment
Demonstrate dedication to and accountability for optimizing 
antibiotic prescribing and patient safety

Action for policy and practice
Implement at least one policy or practice to improve antibiotic 
prescribing, assess whether it is working, and modify as needed.

Tracking and reporting
Monitor antibiotic prescribing practices and other regular 
feedback to clinicians, or have clinicians assess their own 
prescribing practices themselves

Education and expertise
Provide educational resources to clinicians and patients on 
antibiotic prescribing and ensure access to needed expertise on 
optimizing antibiotic prescribing



Outline

• Creating Metrics: Goal to determine simple 
metrics that best correlate with inappropriate 
antimicrobial prescribing for respiratory 
infections in the general medicine and family 
medicine ambulatory practice setting 

• Making Data Work for You: Goal to examine the 
effectiveness of an intervention involving 
feedback on prescribing practices to improve 
antimicrobial prescribing in the general internal 
medicine (IM) and family medicine (FM) 
ambulatory practice setting 



Setting

• 32 primary care practices in University of 
Pennsylvania Health System (UPHS)

• 9,189 visits per month in which respiratory 
tract diagnoses coded in these practices

• Antibiotics prescribed in 36.8% of visits (3,382 
antibiotic prescriptions per month)

• Includes only attending physicians and 
advanced practice providers

• Includes only adult patients ≥18 years old



Setting
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Provider/Clinic Demographics

Male
40%

Femal
e

60%

MD
68%

DO
9%

NP
18%

PA
5%

Family
42%

Internal
58%

Teaching
29%

Non-
Teaching

71%

Urban
47%

Non-
Urban
53%

Gender Degree

Specialty Teaching Location



Appropriateness

• Identified respiratory tract diagnoses by ICD-10 code

• Defined appropriateness of antibiotic prescribing 
based on modified IDSA treatment criteria

• Reviewed 1,200 records from 60 providers

• Double coded 15% of all chart reviews with 92% 
concordance (165/180)



Metrics

• Defined respiratory tract diagnoses by ICD-10 
code
– Defined specific diagnostic groups (sinusitis, 

bronchitis, pneumonia, pharyngitis, otitis media, non-
specific respiratory symptoms)

– Defined respiratory tract diagnoses for which 
antibiotics should almost never be prescribed (Tier 3 
diagnoses) by ICD-10 code

• Calculated mean Charlson comorbidity index 
(CCI) for each provider to determine expected
prescribing by quartile of CCI as denominator for 
observed:expected (O:E) ratio

Shapiro DJ, et al. J Antimicrob Chemother 2014. 



Prescribing Tiers

Shapiro DJ, et al. J Antimicrob Chemother 2014.

Diagnostic category Example diagnoses

Tier 1 – Antibiotics 
almost always indicated

Pneumonia, urinary tract infection, sexually 
transmitted infections, other miscellaneous bacterial 
infections

Tier 2 – Antibiotics may
be indicated

Acne, pharyngitis, sinusitis, skin and mucosal 
infections, gastrointestinal infections, suppurative 
otitis media

Tier 3 – Antibiotics not 
indicated

Asthma, allergy, bronchitis, influenza, viral upper 
respiratory infections, nonsuppurative otitis media, all 
other codes not listed elsewhere



31% 
of antibiotic prescriptions 

were appropriate



Appropriateness



Demographics

Characteristic Category Mean % appropriate p-value

Medical Degree MD and DO
NP and PA

41.8%
28.4%

0.02

Gender Female
Male

34.3%
26.9%

0.10

Specialty Internal Medicine
Family Medicine

36.9%
24.5%

0.01

Board Certification Before 1997
After 1997

36.7%
25.2%

0.02

Teaching Status Teaching
Non-Teaching

49.2%
26.6%

<0.001



Metrics

1,200
office visits reviewed

Metric R2 p-value

% prescribing for tier 3 visits 0.24 <0.0001

% prescribing for respiratory visits 0.23 <0.0001

% prescribing for URTI visits 0.20 <0.0001

% prescribing for LRTI visits 0.19 <0.0001

Mean Charlson comorbidity index 0.044 0.11
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Metrics

• Charlson Comorbidity Index (CCI) by quartile
– 1st: 1.14-3.82 
– 2nd: 3.82-4.59
– 3rd: 4.59-5.43
– 4th: 5.43-15.75

• Mean percent prescribing by CCI quartile
– 1st: 32.4%
– 2nd: 35.1%
– 3rd: 36.8%
– 4th: 29.8%

• O:E Ratio and Appropriateness: R2=0.04, p=0.75



Metrics
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Metrics

% prescribing for

All Respiratory 
diagnosis visits

% prescribing for

Tier 3
diagnosis visits



Gaming Audits

• If auditing specific diagnoses (e.g. bronchitis), 
prescribers often decrease their prescribing

• Diagnostic coding shift may occur in response 
to the audit (e.g. shifting coding from 
bronchitis to pneumonia)

Vinnard C, et al. Pop Health Man 2013.



Intervention

• 32 primary care clinics randomized into 6 
clusters

• A cluster receives an educational session each 
month from October 2017-March 2018 
followed by monthly feedback on two metrics

• After the educational session, each provider 
receives feedback through September 2018



Education



Education

• Appropriate Prescribing

• Communication Strategies

• Resources

Bronchitis
Sinusitis
Pharyngitis
Pneumonia
Otitis media
Pertussis

1
2
3
4

Clear diagnosis

Negative treatment 
recommendation

Positive treatment 
recommendation

Contingency plan

Heritage J, et al. Patient Educ Couns 2010.



Resources



Resources



Feedback

Prescriber CMO/CEO



Feedback



Feedback



Feedback



Did the Data Work for Us?



Diagnostic Tiers
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Prescribing by Cohort
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Prescribing by Cohort
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Prescribing by Cohort
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Prescribing by Cohort
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Prescribing by Cohort
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Prescribing by Cohort
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Prescribing by Cohort
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Antibiotic Prescribing
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All Respiratory Infections

0

5

10

15

20

25

30

35

40

45

50

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

%
 P

re
sc

ri
b

in
g

Month

FY17

FY18

First educational 
sessions

Last educational 
sessions



Tier 3 Infections
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Specific Aim 1: Metrics

in prescribing for

All Respiratory 
diagnosis visits

in prescribing for

Tier 3
diagnosis visits

23% 27%



Next Steps

• Qualitative study on mental models of 
prescribing compared to provider 
performance

• Association of intervention with patient 
satisfaction scores



Conclusions

• Aggregate metrics can be created that correlate 
with appropriate antibiotic prescribing

• Educating prescribers and providing 
benchmarking using these metrics shows promise 
in decreasing antibiotic prescribing for respiratory 
infections

• Additional studies must identify why some 
providers respond to the intervention and others 
do not



Thank You!

Keith Hamilton, MD
keith.hamilton@uphs.upenn.edu

mailto:keith.hamilton@uphs.upenn.edu


Delayed Prescribing

93%
used antibiotics

32%
used antibiotics

14%
used antibiotics

Spurling GK, et al. Cochrane Database Syst Rev 2013. 



Antibiotic Use
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Amoxicillin

Amox-clav

Azithromycin

Cefuroxime

Doxycycline

Levofloxacin

Penicillin

Total

First educational 
sessions

Last educational 
sessions


